In the present study, we investigate the capability of low concentrations of Papain to stimulate cartilage mesenchymal cells proliferation and transformation to chondrocytes and evaluate the healing capability of partial thickness defects in medial condyle cartilage of 30 rabbits' knee joints. Papain 0.1 mg/ml and Ringer saline l ml each were injected intra-articularly to rabbits of experimental and control groups (15 animals each). Healthy cartilage from lateral condyle and cartilage from medial condyle where the surgical defect was created were studied histologically and by TEM. The study revealed that 0.1 mg/ml Papain activates proliferation and spreading of mesenchymal stem cells to young forms of chondrocyte from perichondrium to the upper layers of healthy cartilage. In only 22.27% cases of the experimental group, surgical defects filled with cartilaginous tissue on the background of distinct destruction of collagenous matrix in the native cartilage. However, in 55.5% of the control group the defect was spontaneously healed by hyaline cartilaginous tissue completely or partially on the basis of slight destruction of collagenous matrix. The defect site was filled with activated chondrocyte-like cells from the subchondral plate (not perichondrium) in both groups, which acquired some cisterns of rough endoplasmic reticulum (RER) and produced matrix proteins. The results suggest that Papain did not ameliorate the recovery of cartilage defects acquired through surgically-induced injury of collagenous matrix in native cartilage. We observed that articular cartilage is the source of mesenchymal stem cells which have the ability to transform into young forms of chondrocytes. This transformation process depends on the level of destruction of native cartilage collagen matrix induced by the defect or by Papain.
Introduction
Chondrocytes are considered a natural and logical cell source for cartilage repair as they are highly specialized cells capable of synthesis and secretion of cartilage matrix proteins, proteoglycans, collagen or enzymes. It is well known that the matrix is important in regulation of differentiation, metabolism and activity of chondrocytes, and in stabilizing their phenotype [1] . But most tissue following reconstructive treatment of injured cartilage is not hyaline cartilaginous and the defects are filled by tissues of varying cellular characteristics mainly fibrocartilage which fails to integrate with native tissue [2] .
By the development of degenerative changes in hyaline cartilage a percentage of chondrocytes gain the capability of DNA synthesis and cell division, although in normal adult cartilage no mitosis is seen [3, 4] . These results appear to indicate that cartilage has some ability to regenerate and to repair itself. Previous research indicates the injection of concentrated Papain causes not only rapid progressing necrosis of all layers of cartilage, but also differentiation of mesenchymal cells to chondrocytes in perichondrium, which spread out to the upper layers of cartilage [5] . Lower concentrations of Papain appear to induce less degenerative changes in cartilage, but activate chondrocytes and may be useful for cartilage regeneration [6, 7] . The reparative response of articular cartilage continues for up to at least 6 month in animals receiving 0.2 mg/ml dose of Papain. However, cartilage fails to repair in animals receiving 2.0 mg/ml dose of Chymopapain [8] . In our previous studies by intra-articular injection (i.a.i.) of 0.1 mg/ml Papain in experimental chronic arthritis, we also observed the spreading of young forms of chondrocytes from perichondrium to upper layers of cartilage [9] .
The aim of this study was to evaluate the capability of low concentration Papain to stimulate mesenchymal cell proliferation to chondrocyte and evaluate the healing capability of partly thickness defect in cartilage.
Materials and Methods

Animals
Thirty healthy 12-week old female Chinchila rabbits weighing approximately 3 kg each were obtained from the Breeding Unit of the Institute of Immunology in Vilnius and were kept under the standard housing conditions in Vivarium of the Institute of Experimental and Clinical Medicine of Vilnius University. Animals received standard chow and water ad libitum. All studies were performed in accordance with the European Union Regulations for the handling and use of laboratory animals. The research Protocol was reviewed and approved by the Ethics Committee under the State Food and Veterinary Service of Lithuania.
Surgical procedure
Under general anaesthesia by intravenous injection of Thiopental (BIOCHEMIE GmbH, Viena-Austria) at a dose 25 mg/kg body weight, right knee joints were approachable through medial parapatellar incision after 5 days of animal acclimatization. Surgical defect 3 mm wide at a distance of 6 mm till subchondral plate on medial femoral condyle was created. Lateral condyle of left joint was undamaged and used as healthy control. Subsequently, the articular capsule and a skin were sutured. After surgery all rabbits were allowed free cage activity. After wound healing, the animals were divided into experimental and control groups.
Treatment
On day three post-surgery, 0.1 mg Papain in 1ml Ringer solution was i.a.i. in the right knee joint of the experimental group (15 rabbits). The animals of the control group received 1 ml i.a.i. of Ringer solution (15 rabbits).
Macroscopic examination
All animals were sacrificed with an overdose of Thiopental administered intravenously 6 and 12 weeks after surgery, and their both healthy (lateral) and defected (medial) condyles were visually inspected grossly and intraarticularly. Defect sites of each group were examined macroscopically for color, integrity, contours, and smoothes. Synovia of the knee joint was also inspected.
Histological evaluation
Samples of cartilage with subchondral bone from healthy, experimental, and control groups were obtained and fixed for 1 week in 10% phosphate buffered formalin, decalcified and dehydrated in graded ethanol solutions, cleared in xylol and embedded into paraffin. Sagital sections of 4 -5 μm-thick were obtained from the center of each defect and were stained with haematoxylin-eosin and toluidin blue at pH 4.5. The quality of the repaired tissue, native cartilage, and subchondral bone were evaluated according to the histological grading scale for evaluation of full-thickness defect of articular cartilage adopted by Jackson et al. [10] . These histological evaluations were performed on serial slides in blind fashion by 2 independent researchers using the view analysis system of the Olympus BX51 microscope (Germany).
Ultrathin slices from defect sites choosen on semithin slices stained by toluidine blue were cut in ultramicrotome LKB-400 (Sweden) and, after staining with uranil acetate and a mixture of lead salts, were studied by electron microscope JEM-100B (Japan).
Results
Macroscopic findings
The animals were active and survived the entire experimental period. The synovium of joints was marginally inflammed and slightly swollen at 6 weeks, and appeared fibrotic and atrophic (whitish colour) at 12 weeks after i.a.i. 0.1 mg/ml Papain. In contrast, the synovium of joints in the control group appeared to be normal. No macroscopic changes were detected in native articular cartilage of either the experimental or the control group. The cartilage of the lateral femoral condyle (healthy tissue) in operated knees of both groups showed macroscopic irreguliarities on the surface. At 6 weeks the defect in tested (Papain) and in control groups were partially or fully filled with regenerative tissue with a white colouration, and the tissue filling the defect was easily distinguishable from the surrounding maternal cartilage. At 12 weeks, some defects consisted of soft tissue and were not replaced with hyaline cartilaginous tissue. Part of the defect was indistinguishable from the native cartilage.
Histological findings 3.2.1 The histology of hyaline cartilage in healthy lateral femoral condyles
The articular cartilage of the lateral femoral condyle in the control group (right knee joint) has reactions to the defect created in the medial femoral condyle. These reponses were the same at both 6 and 12 weeks. The surface of cartilage was even, or was rough with some fibrous pannus formations on the surface (in about of 13% cases). Some chaps, erosions and fissures were seen on the surface of cartilage. Chondrocytes of 2, 3 or 4 lines in the superficial layer of cartilage were flat or picnotic. Four lines of normal and activated chondrocytes were found in the middle layer, and 3 or 4 lines of rare columnar chondrocytes in the deep layer were observed on the background of bright (distinct) matrix ( Figure 1a ). Proteoglycans (PGs) were distributed homogeneously in the middle and deep layers (+1.5 grade). In the superficial layer, however, there was a lower level of PGs (+1 grade, normal). The subchondral plate consisted of 4 or 6 lines of large bright columnar chondrocytes. The tissue of healthy subchondral bone was active with small osteocytes and active osteoclasts which form the porous trabeculous bone and narrow or wider lacunas filled by bone marrow cells. Hematoxylin-eosin, toluidine blue. X 400.
3.2.3
The histological changes of hyaline cartilage with a defect till subchondral plate in medial femoral condyle (control) Table 1 shows the histological changes in hyaline cartilage at 6 and 12 weeks after creation of surgical defect in medial femoral condyle of rabbit's right knee joint. In 55.5 % of control cases the defect was spontaneously filled with hyaline cartilaginous tissue partially or completely (after 6 weeks in 4 of 7 cases and after 12 weeks 6 of 8 cases) from activated cells of the subchondral plate (Figure 2 a, b) , with slight destruction of native cartilage present. These cells acquired some membranes of rough endoplasmic reticulum on the periphery of chondrocyte-like cells (Figure 3 a, b, c, d ) and produced some proteins for extracellular matrix. One defect was surrounded by native cartilage, while the other was partially filled by hyaline matrix and surrounded by destructive cartilage. In all cases the native cartilage showed signs of some destruction, and in two cases displayed significant destruction when covered with abundant pannus. But the defect was filled by hyaline cartilaginous tissue (Figure 2 (Table 1) . Most defects were filled with fibrovascular (73.4%) and fibrous (20%) tissues with or without (13.3%) islets of fibrocartilage and ingrowths into the joint cavity. One defect was empty (Table 1) . A -3 mm in diameter defect till to subchondral plate on hyaline cartilage of medial femoral condile of the knee joint after i.a.i. 0.1 mg Papain (tested group). B -3 mm in diameter defect till to subchondral plate on cartilage of medial femoral condile after i.a.i. of Ringer solution (control group). Table 1 Histological changes in hyaline cartilage with surgical defect till to subchondral plate on medial femoral condyle of rabbit's knee joint and after i.a.i. 0.1 mg/ml Papain.
After 6 weeks, two defects were filled by fibrocartilage with islets of chondrocyte. Native cartilage, however, was replaced by clusters of young chondrocyte in these defects. The other two defects were filled by fibrous tissue with or without islets of fibrocartilage on the background of normal and destructive native cartilage. Two defects were filled by fibrovascular tissue with islets of fibrocartilage on the basis of normal and destructive native cartilage. Only at 12 weeks following i.a.i. Papain, defects were filled by atrophic (in one case) and edemic (in two other cases) hyaline cartilaginous tissue and had destructive or activated native cartilage together with an activated subchondral plate under the defect site and floating of chondrocytes into the defect site (Figure 2 c, d ). One defect site was empty and the two others have overgrowths of soft connective tissue into the joint cavity with clusters of fibrocartilaginous tissue.
Discussion
The objective of this study was to evaluate the capability of experimentally created articular cartilage defect till subchondral plate to repair after i.a.i. 0.1 mg/ml Papain and capability of Papain to stimulate the proliferation of native cartilage mesenchymal cells to chondrocytes.
We found that i.a.i. 1 mg/ml Papain stimulates proliferation of mesenchymal cells and floating of young forms of chondrocytes from the perichondrial region into the middle and deep layers of healthy cartilage. Hyaline cartilage of healthy lateral femoral condyles has a slightly destructive collagenous matrix in the superficial layer with equal amount of chondrocyte lines in middle and deep layers and in subchondral plate. Observations were similar at both 6 and 12 weeks after the surgical procedure on the medial femoral condyle. We hypothesize that slightly destructive changes of the collagenous matrix in healthy condyle rejoined to created the defect on medial femoral condyle. This response presumably represents a nonspecific reaction to surgical injury. Previous research has shown a marked depletion of PGs one week after cartilage injury and continuing until 26 weeks [11] .
The cartilage destruction of healthy lateral femoral condyle was more pronounced after i.a.i. 0.1 mg/ml Papain. Number of chondrocyte lines in the middle and deep layers was increased two-to three-fold upon Papain treatment. Treatment also slightly decreased the amount of PGs at 6 weeks, but levels increased again after 12 weeks. Additionally, Papain induced the development of some erosions and usuras on the surface where fibrocartilaginous overgrowths were seen at the end of study. However, some pannus and less destruction with clusters of active chondrocytes in native cartilage after 12 weeks was observed.
Cartilage defects 3 mm-wide 6 mm-long till subchondral plate spontaneously healed within 12 weeks in 55.5% of the control group by floating of young forms chondrocytes from activated mesenchymal stem cells of subchondral plate. These stem cells acquired some membranes of RER from the periphery of cytoplasm and were able to produce some matrix proteins. Fibrous metaplasia of the native cartilage and clusters of chondrocytes were observed. In four cases, cartilage underwent distinct destruction under abundant pannus on the surface, but the defect was filled with hyaline cartilaginous tissue. After 12 weeks, we observed slight destruction of native cartilage and 6 of the 8 defects were fully filled by hyaline cartilaginous tissue. In all cases the subchondral plate was thick and raised, and migration of activated chondrocyte-like cells to the defect site occurred. Triple staining for cell surface markers in subchondral plate has identified subpopulations with characteristics of mesenchymal progenitor cells in the osteoarthritic cartilage [12] .
3 mm-wide 6 mm-long articular cartilage defect till subchondral plate caused significant degenerative changes in native cartilage varying from a slight depletion of PGs to fibrous metaplasia, which further increased after i.a.i. 0.1 mg/ml Papain. The delayed metaplasia of various transmitted forms of connective tissues throughout fibrovascular -fibrous -fibrocartilaginous into hyaline cartilaginous in the defect site has prolonged the healing time of the defect. These alterations gradually became more slight and may be interpreted as a compensatory response. Similar data are presented by other authors [13, 14] . Likewise, we observed decreased destruction of the native cartilage and development of some pannus and clusters of active chondrocytes in the cartilage after 12 weeks. In the control group similar results were observed after 6 and 12 weeks the defects were repaired with hyaline cartilaginous tissue. Lack of significant differences seen between the experimental and control groups may suggest the observational period of the defect site was too short in length. At the onset of the defect the synthesis of PGs in the cartilage was insufficient to compensate for the functioning of the chondrocytes and the matrix under normal conditions. For example, following subchondral drilling in rabbits, biochemical and morphological features of hyaline articular cartilage improved only with time (up to at least 18 months) post-injury. On the other hand, in our experiment we created too size up defect, which complicated cartilage reparation and induced distinct destructive changes in native cartilage. According to other authors, the defects are capable of regenerating hyaline cartilaginous tissue as long as the defect size is less than or equal to 3 mm in diameter [15] . Therefore, filling of the defect by hyaline cartilaginous or fibrocartilaginous tissues appears to be predetermined by the state of very complex collagenous matrix [16] of native cartilage which after Papain treatment became more permeable for movement of chondrocytes.
Stimulation of mesenchymal cell proliferation to chondrocytes in healthy and injured cartilage as a result of destructive changes of collagenous matrix in native cartilage may be promising to regenerative medicine as cartilage is a source of mesenchymal stem cells [2, 12] .
The results of this study instigate an important question: why do many young chondrocytes in the defect not produce enough matrix proteins? A possible explanation for this phenomenon is that growth factors, hormones and other proteins are necessary for activation of mesenchymal cell proliferation to chondrocytes and production of matrix proteins. It is known that transforming growth factor-beta (TGF-β) and bone marrow proteins (BMPs) enhance chondrocyte proliferation and synthesis of extracellular matrix proteins in vitro and in vivo. These regenerative properties provide promising candidates for induction of synthesizing and proliferative capabilities of cells in bone and immature cartilage [15, 17, 18] .
Conclusions
It was confirmed that low concentrations of i.a.i. 1mg/ml Papain stimulate activation of mesenchymal cells, proliferation and floating young forms of chondrocytes into the middle and deep layers of healthy cartilage from perichondrial region.
Cartilage defects 3 mm in width and 6 mm in length down to subchondral plate spontaneously healed within 12 weeks in 55.5% of cases. This was achieved through floating of young chondrocytes originating from activated mesenchymal stem cells of subchondral plate. These cells acquired some membranes of rough endoplasmic reticulum on periphery of cytoplasm and produced some matrix proteins.
3 mm-wide 6 mm-long articular cartilage defect down to subchondral plate caused significant degenerative changes in native cartilage, which increased after i.a.i. 0.1mg/ml Papain. This induced delayed metaplasia by various trasmitted forms of connective tissue throughout fibrovascular -fibrous -fibrocartilaginous to hyaline cartilaginous tissue in the defect site, and the defect healed in only 22.2% of samples.
Stimulation of own mesenchymal cells proliferation and transformation to chondrocytes by enzymatic digestion of a complex cartilage matrix may be promising to regenerative medicine as cartilage have several sources of mesenchymal stem cells.
